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Timeline of the Story

1971 Salyut 1 Space Station--crew of 2 dies in reentry
1973 Skylab Space Station
1982-85 Salyut 7 Space Station--Cosmonaut arrythmia.

1984 Ames Space Station Human Factors— Crew Safety
Interaction Model

1984-85 Rockwell Crew Safety Interaction Model Study --

Ames COTR for Vol. 3 HUMAN FACTORS.
1986 Loss of Challenger w/7 crew

1999 Launch of ISS Functional Base Block 1

2002 Loss of Columbia w/7 crew

2003 Presentation of Results from Mir to IBMP 40th

Anniversary Conference in Moscow
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Mir Service Life: 14 Years
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Mir was launched in 1986, with a
planned service life of 5 years.

The demise of the Soviet Union
prevented the planned launch of Mir 2 in
1991.

The Russians "Made do” with the Mir
Cluster for almost 3X longer than the
design lifetime.

Serious, life-threatening problems arose
in the last four years, coinciding with the
US/Russian Shuttle-Mir collaboration.




EarIxSafety Hazards and Threats
SA Human Space Program

in N

Gus Grissom’s Mercury Capsule sinks--question of error.
Apollo 1 Pad Fire kills Grisson, White & Chafee.

Apollo 13 Electrical Explosion aborts mission.

Skylab 1 Launch - Heat Shield Torn Off.

Skylab 4 Crew “Strike” 1 day because of overwork.
STS-2 Toluene cement for velcro exceeds SMAC.

STS-5 “Ace Trucking Company” sign made with toxic
marker from uninspected astronaut personal kit.

STS-9: Rockwell Crew Safety refuses to sign off on
Spacelab 1 Life Support, Spacelab hatch seizes up.

Lockheed Electropherisis Unit in Spacelab appears to ignite,
crew does emergency shutdown.
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Skylab Experience 1973

Heat Shield Tore Off On Launch

Two Missions to Provide Replacement

Skylab 2 Parasol Deployed Sky]ab 3 Foldlng Shade
11/4/04 ThrOugh the Science Airlock Deployed by | SAVAAN




Figure A: _
@ Space Station Crew Safety —

Human Factors Interaction Model
(Cohen and Junge, 1984)
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Figure 1. Protocols
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Figure 2.a. Critical Habitability |
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» Figure 2.b. Critical Habitability Il
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. Figure 3. Task Related Issues:
ORSA

TASK ASSIGNMENT/ROLE DEFINITION

STRESSORS

oL ]L ER-

MEASURES
AGAINST
STRESS

DEGRADED

PERFORMANCE

L‘ SAFETY

C ﬂLI’TE H-

MEASURES
AGAINST
ERRORY

HAZARD

Work Environment
Prohle ms

ntation
Organization/D
esign

Fatigue Factlors

Work Station
Design

Mistake/Inadverte nt
Action

Work Organization

Leadership

Leadership
Training;
Consensus

Conflicts with
Leadership

Crisis
Resolution;
Chain of
Command

Conflicting Actions

Task Assignment

Task Selection

Monotony;
Boredom

Task Rotation

“Familiarity Breeds

Contempt”; Lack of
Caution

Physical
Limitations

Crew Selection;
Physical
Endurance

mirain on
Endurance

Mandatory
Physical
Exercise
Regimen

“Cutting Corners”,;
Physical Inahility to
Perform Tasks

acheduling and
Coordination
Conflicts

Group
Activities and
Meetings

Low Morale and
Motivation

Crew/Buddy
Checks and
Drills

Lack of Effective
Crew Interaction




*
A

Figure 4. Crew Incapacitation
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Figure 5. Personal Choice
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The 1985 NASA-Rockwell
International Study identified

these key safety threats:

Rockwell Study Team:
Robert Peercy

Robert Raasch

Lisa Rockoff

George Mead

Robert Witcofski, LaRC,
COTR, Vols. 1,2, 4,5

Marc Cohen, ARC, COTR,
Vol. 8 “Safety Impact of
Human Factors”
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Fire
Explosion

Collision/Out of
Control, Tumbling

Decompression
Contamination
Radiation
Human Error




Space Station Modules Launched to LEO

Laboratory
Name

Origin

Date

Length

m

Dia.
m

Mass
Kg.

Pressurized
Volume mA3

Key Payloads

Remarks

Skylab
Orbital
Workshop

USA

1973

14.7

6.5

35,400

336

Life Science,
Biomedical,
Earth
Observations

Derived from
Saturn upper
stage

Salyut-6

~80

Life Science,
Space Science

Earlier Salyuts
similar

Salyut-7

~80

Life Science
Space Science

Mir Core

90
380 total
Mir Cluster

habitation,
power, life
support, sleep
stations, toilet

Added Radial
docking ports to
Salyut design

Mir-Kvant-1

30

Astrophysics

Mir-Kvant-2

61.9

Logistics, EVA
airlocks, toilet

Mir-Kristall

60.8

Materials
Processing

Mir-Spektr

~60

Geophysical
Science

Refurbished to
receive US
payloads on
orbit

Mir-Priroda
“Nature”

Russia

Remote Sensing,
Earth Science,
Oceanography

Designed to
incorporate US
research




FIG 7. Salyut-6 Configuration with Soyuz vehicle
berthed to it, 1977, courtesy of RKK Energia.
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FIGURE 8. Mir core under preparation for launch
at Biakonur Cosmodrome. Courtesy RKK Energia.
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Fic.9 Shuttle-Mir

1) U.S. Space Shuttle
2) Docking tunnel

3) Kristall module: materials
processing, exercise treadmill,

4) Kvant-2 module: logistics,
EVAairlock toilet

5) Soyuz-T transport vehicle,
docked at multi-port node

6) Spekir module: geophysical
sciences, US experiments

7) Priroda module: U.S.
facilities, Earth observation,

8) Core module: habitation,
power, and life support

9) Kvant-1 module:
astrophysics, docking port

10) Progress robot freight

vehicle docked at Kvant-1 port
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FIGURE 10. Kvant-1 Section Elevation line drawing, courtesy
Gagarin Cosmonaut Training Center (TsPK).

11/4/04




FIGURE 11. View of the Kvant-2 laboratory interior, credit
NASA, photo taken by a US Shuttle-Mir astronaut.
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FIGURE 12. Astronaut Shannon Lucid on Mir, with a materials
science glovebox, most likely in the Priroda Laboratory

module, courtesy of NASA Headquarters.
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Progress Collision with the Spektr Lab
Module on Mir, 1997

FIGURE 13. Arrow shows
the approximate collision
path of Progress 234, A,
striking the Spektr Module's
solar panels at B and Spekitr
itself at C, (courtesy of
Stephen Ellis, NASA-Ames).

Had Tsibliev, Lazutkin, and
Foale not been able to seal
off the decompressed
module fast enough
following the collision they
might have died.
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FIGURE 14. Damaged solar Ranels_o_n the Mir Spekir
Laboratory Module, tollowing the collision by an unmanned,

Progress cargo vehicle in 1997 during a robotic docking
maneuver, Courtesy of NASA-Johnson Space Center.
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Threat Concerns in Bold apply to the Progress collision with the Spektr module

on Mir in 1997.

Threat Concerns in /talics apply to the fire and coolant leak on Mir.

Threat Concerns in ALL CAPS apply both to the collision and the other incidents

on Mir.
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Threat Concerns in Bold apply to the Progress collision with the Spektr module on

Mir in 1997.

Threats in /talics apply to the fire and coolant leak on Mir.

Threats in ITALIC BOLDCAPS apply to the collision and the other incidents on Mir.
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How robustly predictive
would the Cohen and Junge
model be?

Methodology:
Comparison of the

model with the 7
Mir-NASA
MISSIONS.
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